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Economics of Site Preparation and
Release Treatments Using
Herbicides in Central Georgia

Rodney L. Busby, USDA Forest Service, New Orleans, LA
70113; James H. Miller, USDA Forest Service, Auburn
University, AL 36849; and M. Boyd Edwards, Jr., USDA
Forest Service, Athens, GA 30602.

ABSTRACT. Land expectation values (LEV) of Ste preparation and release treatments using herbicides in
central Georgia are calculated and compared Loblolly pine growth and hurdwood competition levels were
measured at age 6for the site preparation treatments and age 8for the release treatments. These measurements
were projected to final harvest using the North Carolina State University growth and yield simulator. On six
directly comparablesites, site preparation improvediundexpectation valuesmore than release. When the most
profitable treatments on each site were compared, site preparation LEVs (after tax) were more than twice as
profitable as release ($403 vs. $188/ac). Veipar Lland Pronone 10G herbicide treatments increased the land
expectation value most for Ste preparation. Arsenal AC and Velpar L provided the highest returns among the
herbicides testedfor release. South. J. Appl. For. 22(3):156-162.

Demands for southern timber are growing as both domestic
and international economies continue to grow. Pressure is
also being placed on southern timber resources by the reduc-
tion in harvest levels from public lands in the Pacific North-
west. As a result, softwood timber removals are now exceed-
ing growth. For the first time since 1952, southern softwood
inventories declined from 1987 to 1992 (Powell et a. 1993).
Given the decline in softwood inventories, there is a growing
concern whether or not the South can continue to provide for
additional softwood harvests to meet future demands.

One way to meet increasing demands is to take advan-
tage of economical opportunities for intensive manage-
ment. Intensive site preparation and release treatments,
using herbicides, are increasingly being used to help man-
agers do a better reforestation job (Minogue et a. 199 1).
Treatments improve the growth of crop trees as competi-
tion for light, water, and minerals is decreased (Walstad
and Kuch 1987). However, investments in intensive site
preparation and rel ease treatments are expensive, which
raises crucial questions. Should forestland managers ex-
pend limited investment dollars for such treatments? Which
regeneration system is more suitable economicaly for the
industrial or nonindustrial private forest (NIPF) land-
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owner? Which herbicide treatments are most profitable?
Partial answers are provided in this article by assessing the
comparative economic effectiveness of severa labeled
forestry herbicides for site preparation and release treat-
ments on loblolly pine (Pinus taeda L.) stands.

Methods

Biological Data

Four herbicide treatments for forest site preparation and
four herbicide treatments for release were compared in cen-
tral Georgia, from a study established in 1984, to determine
the growth response of loblolly pine (Miller and Edwards
1995). Site preparation plots were measured at age 6; and
release plots were measured at age 8 from three comparable
locations. Herbicides used for site preparation included
Pronone 1 OG (hexazinone), Roundup (glyphosate), Velpar L
(hexazinone) and Garlon 4 (triclopyr ester). Herbicides used
for release included Pronone 10G, Roundup, Velpar L, and
Arsenal AC (imazapyr). Pronone 10G is a granule; the other
herbicides are dissolved in water and applied as sprays. All
sites had been harvested for fuelwood, taking all trees 4 in. in
diameter and larger. Site index estimates were derived from
onsite soil series determinations and the Natura Resource

I Use of trade names is for the reader’s information and convenience. Use
in these studies does not constitute official endorsement or approval by the
U.S. Department of Agriculture to the exclusion of any other suitable
product.



Table 1. Location, site, and soil characteristics for sites used to compare site preparation and release ofloblolly pine

in central Georgia.

£ site  index*
Tract County Province (R) Soil and dope
Ste preparation sites _
Ellington  Laurens  coastal Plain 7 0 Alley loany sand, 8-17% Sope, and Orangeburg
Sandhills loamy sand, 12-17% Sope.
McElroy  Monroe  Piedmont 75 Gwinnett sandy clay loam, 6-1 5% Sope, eroded.
Grimsiey  Twiggs Coastal  Plain 85 Tifton fine sandy loam, 2-5% dope and Norfolk
loamy sand, 2-5% slope.
Release sites
Patton Twiggs Coastl  Plain 70 Ailey loamy sand, 8-1 7% dope.
Robinson Monroe Piedmont 75 Gwinnett sandy clay loam, 6-15% slope, eroded.
Duggins  Laurens  Coastd Plain 85 Cowarts loamy sand, 2-5% dope Fuquay loamy sand,
Sandhills 0-5% dope, Lucy loamy sand, 0-5% dope and

Orangeburg  sandy loam, 5-8% dope, eroded.

& Base age 50, with values for loblo!ly pine derived from onsite soil series identification and the Natural Resources Conservation

Service  database.

Conservation Service database. Basic data on the province,
ste index (base age 50), soil, and slope description of each
site are shown in Table 1.

Plots ranged in size from 0.5 to 2 ac. Comparisons were
made between untreated check and herbicide treated plots.
Measurements of pine and hardwood basal area (ft’fac),
and number of trees surviving were taken for each plot
(Tables 2 and.3).

Growth responses at age 6 and age 8, for site preparation
and release treatments, respectively, are not old enough to
make useful judgments of the economic merits of either
treatment. Therefore, data were projected to final harvest
using Version 3.2 of the North Carolina State University
Loblolly Pine Growth and Yield Simulator (Smith and Hafley
1987). Required inputs for the model include: (I) site index

(base age 50), (2) numberoftrees peracre, (3) pinebasaarea,
(4) hardwood basal area, and (5) province of the site. Outputs
from the model are the volumes of pine and hardwood
sawtimber (bd ft Secribner), chip-n-saw (cords), and pulp-
wood (cords).

Management Reginics

The dite-preparation management regime included: (1)
herbicide site preparation and burning, (2) planting 726 trees/
ac, (3) commercia thinning at age 15 and 20 to a basd area
of 70 ft2/ac, if the stand had at least 90 ft%/ac of pinebasal area
present on the site, and (4) final harvesting at age 25, 30, 35,
or40, depending on which rotation length yielded the highest
land expectation value (LEV). The release managenient
regime includes: (1) burning the Ste to prepare for planting,

Table 2. Age 6 surviving trees, loblolly pine and hardwood basal area for site preparation sites in central Georgia.

Site index’ Surviving  trees
Tract (ft) Herbicide  treatment (no./ac) Pine basd aea Hardwood basd area
-------------------------- (ft’*/ac) ‘
Ellington 70 Check 494 4.5 292
Roundup’ 581 128 8.4
Velpar L 6 1 0 2. 1 2.9
Pronone 10G 624 197 6.2
Galon 4 41 55 51 .
McElroy 75 Check 595 5.0 7.0
Roundup’ 639 193 5.4
Vepar L 610 137 2.5
Pronone 10G 668 216 0.0
Galon 4 610 104 33
Grimsley 8 Check 581 3.8 106
Roundup® 610 24 63
Velpar L 595 35.9 25
Pronone 10G 581 233 25
Garlon 4 610 20.0 21
2 Base age 50,withvaluesderivedfor loblolly pine from onsite soil series identification and the Natural Resources Conservation Service

database.
Accord is now used instead of Roundup.
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Table 3. Age 8 surviving trees, loblolly pine basal area and hardwood basal area for release sites in central Georgia.

Siteindex’ Surviving trees

Tract ® Herbicide trestment (no.fac) ! Pinebasalarea Hardwoodbasal area
. wesasnsentiiis (ﬂ2/ac) .........................

Patton 70 Check 653 4.2 181

Roundup® 552 155 135

veparL 603 1.0 8.6

Pronone 10G 595 8.2 201

Arsenad AC 661 29.7 2.3

Robinson 75 Check 588 24.6 120

Roundup® 566 319 5.6

VelparL 283 275 35

Pronone 10G 385 20.4 1.2

Arsenad AC 697 37.7 10.7

Duggins 85 Check 595 23.7 198

Roundup® 595 183 152

VelparL 457 294 7.7

Pronone 10G 530 335 139

Arsend AC 668 30.6 2.9

% Base age 50, with values derived forfoblolly pine from onsite soil seriesidentificationand the Natural Resources Conservation Service

database.
Accord is now used instead of Roundup.

(2) planting 726 trees/ac on fuelwood harvested sites, (3)
herbicide release in the third growing season, (4) commercial

thinning at age 15 and 20 to a basal area of 70 ft?/ac, if the

stand had at least 90 ft3/ac of pine basal area present on the

ste, and (5) final harvesting at age 25,30,35, o0& depending
on which rotation length was most beneficid. Management
regimes for the check tracts are similar, except no herbicide
treatments are performed.

Economics and Tax Assumptions

Current stampage and product price data for Georgia were
obtained from Timber-Mar& South (1993-1997). Prices were
averaged for 1993 through the first quarter of 1997 to eimi-
nate cyclical peaks and valleys in prices. Product prices,
rounded to the nearest dollar and adjusted to 1997 dollars,
were: (1) pine sawtimber, $298/mbf, Scribner, (2) pine chip-
n-saw, $80/cord, (3) pine pulpwood, $34/cord, and (4) hard-
wood pulpwood $16/cord. Prices were assumed to grow in
real (after inflation) terms at a rate of 2%fyr in the next 15 yr;
thereafter, prices were assumed to remain constant in real
terms. These are conservative assumptions given the large
increase in sawtimber stumpage prices forecast by Hayes and
Adams (1992).

Codts for dl site preparation and release treatments exam-
ined are presented in Tables 4 and 5, respectively. Applica
tion costs using tractor-mounted systems were assumed to be
$27/ac for al treaments.

Planting and seedling costs were set at $61/ac, which
included planting cost of $39/ac reported by Dubois et al.
(1997) and an alowance for the purchase of seedlings. In
addition, costs to prepare timber sales and to manage the
stands was set at 10% of harvest value. Miscellaneous man-
agement costs of $1.30 ac/yr were assumed. All costs were
expected to remain constant in real terms.
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Tax rates vary by a number of factors including: income,
number of dependents, other deductions, filing status (e.g.,
individual, corporate), location, and many other variables. This
paper assumes a typical tax situation for landowners in Georgia.
The assumed marginal federal and state income tax rate are 28
and 6%, respectively. Landowners in Georgia must also pay a

Table4. Per acre herbicide site preparation treatment rates and
herbicide costs in central Georgia, 1997.

Sib
index’ Treatment rateHerbicide
Tract ® Herbicide ~ (amount/ac) cost ($/ac)
Elliigton 70 Check None 0.00
Roundup® 1@ 44.00
VelparL* 1.5gd 66.75
Pronone 10G° 30 Ib 8250
Garlon4 1gd 64.50
McElroy 75 %&:-lléup, 1N Sge 4(;(())(()) .
VelparL* 175 ¢ 77.90
Pronone 10G° 35 96.25
Garlon4 1gal 64.50
Grimsley 85 Check None 0.00
Roundup® | gal 4400
VelparL® 125 ¢d 55.60
Pronone 10G° 251b 68.75
Garlon4 1gd 64.50

4 Base age 50, with values derived for lobiolly pine from onsite soil series

identification and the Natural Resources Conservation Service data-

base.

The cost of Accord, the Roundup replacement, was used in the analysis.

¢ Velpar L and Pronone 10G were prescribed according to soil texture and
organic matter per label guidelines.



Table 5. Per acre herbicide releasetreatment rates and herbicide
costs in central Georgia, 1997,

Site
index’ Treatment rate  Herbicide
Tract () Herbicide (amountfac) cost ($fac)
Patton 70 Check None 0.00
Roundup® 24t 22.00
Velpar L* 2qt 22.25
Pronone 10G* 91b 24.75
Arsenal AC* 320z 105.60
Robinson 75 Check None 0.00
Roundup; 2qt 22.00
Velpar L* 4.5t 50.10
Pronone 10G* 151b 41.25
Arsena AC! 32 0z 105.60
Duggins 8.5 Cheek None 0.00
Roundup”® 2qt 22.00
VelparL® 250t 27.80
Pronone 10G* 91b 24.75
Arsenal AC’ 32 oz 105.60

® Base age SO, witb values for loblolly pine derived from onsite soil series
identification and the Soil Conservation Service databasa.

& The costof Accord, the Roundup replacement, wes used in the anatysis,

€ Velpar L and Pronone 10G were prescribed according tc soil texture and
organic matter per label guidelines.

d Applied at labeled rate for time cf study.

harvest tax of 25% levied on all sales. Property taxes are
assumed to be $1.70 ac/yr. It was also assumed that landowners
are dligible and elect to take the 10% investment tax credit and
amortization over 8 tax years of onsite preparation and planting
expenses. Release expenses are assumed to be done for timber
stand improvement, not afforestation, therefore they were ex-
pensed immediately in thii anaysis.

Evauation Criterion
Both before-tax and after-tax |andexpectationvalues (LEVs)

were calculated for all scenarios to help analyze the returns from
investing in site preparation or release treamentss LEV is

calculated by finding the net future value of al revenues and
costs at the stand rotation age (r) and finding the present value
of an infinite series of similar managed rotations. Land expecta-
tion value is the value of bare land used for growing perpetual
rotations of even-aged crops of trees. Revenues come from
product harvests as the stand is thinned or clearcut. Costs are
incurred when the site is brought into production, plus annua
cogts for fire protection and miscellaneous items. A simplified
formulafor LEV is.

DR+ =Y G+
LEV = =0 =0

A+ -1 )

where

LEV = land expectation value,

R, = revenue occurring at year t,

G cost occurring at year t,

_(
n

rotatiofi.age, in years, and

]

discount rate, per year expressed as a decimal.

The rate used to discount the future cash flows is the real
discount rate. Inflation is factored out of the analysis by
reporting all cash flows in rea terms. A comparison between
nomina interest rates (with inflation) and real interest rates
(without inflation) can be made. For example, if the real
discount rate is 7% and the expected inflation is 4% per year,
the nominal discount rate would be approximately 11%
[( 1.04) * (1.07) = 1]. Proper use of either the real or nominal
discount rates will lead to the same answer, therefore only the
real discount rate is used.

Change in LEV is the key criterion used to evauate
investment in site preparation and release treatments- Change
in LEV is the difference between the treatment LEV and the
check LEV.

Results and Discussion

Results show that herbicide site preparation and release
treatments have a significant impact on anticipated returns.
Theaverage land expectation values increased for the major-
ity of herbicide site preparation and release treatments, as-
suming interest rates of 3 to 7% are used to discount future
cash flows. The returns are not uniform, however. Type of
treatment and site quality seem to be important factors in
predicting improvement in land expectation vaues. In addi-
tion, some herhicides produced higher returns than others.

Site Preparation

Both before- and after-tax land expectation values for
check and herbicide treatments for'site prepared tracts are
shown in Table 6, using a4% red discount rate. The Ellington
tract had the lowest check and treated LEVs. These low
returns came on the lowest quality lands (site index-70, base
age50) where the pine crop at age six did not dominate the site
due to hardwood competition (Table 2). The before-tax LEVs
improved as site index increased. The check and average
trested LEV on the lowest site quality site (Ellington) were
$91/ac and $51 1/ac, respectively. In contrast, the check and
average treated LEV on the highest qudity bite (Grimsleyy
were $359/ac and $1,189/ac, respectively.

Including taxes did not change the ranking of:-thé returns.
After-tax LEVs aso improved as site index i&eased. The
check and average treated LEV on the lowest site quality site
(Ellington) were $29/ac and $298/ac, respectively. In con-
trast, tbe check and average treated LEV on the highest
quality site (Grimdey) were $202/ac and $733/ac, respec-
tively.

Herbicide site preparation proved to be worthwhile since
treatments improved IEVs on dl sites reported on using the
4% discount rate and measured both before and after taxes
(Table 6). The concentration of growth in the high valued
pine crop more than paid for the additiona investment in site
preparation. On average, herbicide site preparation on these
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Table 6. Before-tax and gﬂe,.tax land expectation, ValUES (LEVs) for site preparation tracts in central Georgia

assuming a 4% real discount rate.

Before-tax After-tax
Tract Siteindex’ ()  Herbicide LEV ChangeinLEV LEV ChangeinLEV
: ($/ac)
Ellington 70 check 91 — 29

Roundup® 493 402 287 258

Velpar L 671 580 401 372

Pronone 10G 573 482 338 309

Galon4 307 216 167 138

Averagetreated 511 420 298 269
McElroy 75 Check 384 — 217 —
Roundup’ 640 256 381 164

VelparL 654 270 390 17

Pronone10G 715 331 429 212

Garlon4 615 231 365 148

Averagetreated 656 272 391 174
Grimsley 85 Check 359 -— 202 —
Roundup” 1,100 741 677 475

Vepal 1,333 974 826 624

Pronone 10G 1,162 803 716 514

Galon4 1,159 800 714 512

. Averagetreated _ 1,189 830 733 531

% Base age 50, with values for loblolly pine derived from onsite soil series identification and the Natural Rescurces Conservation

Service database.

b The cost of Accord, the Roundup replacement, was used in the analysis.

sites increased the LEV by $272 to $830/ac before taxes and
$174 10 $53 1/ac after taxes.

The ranking of the average individua herbicide site prepa-
ration results was consistent. The best before-tax improve-
ments in LEV came from Velpar L ($608/ac), Pronone 10G
($539/ac), and Roundup ($466/ac), and finally, Garlon 4
($416/ac). The rankings of the after- tax improvements in
LEV were the same with Velpar L ($390/ac), Pronone 10G
($345/ac), Roundup ($299/ac), and findly, Garlon 4 ($267/
ac). Varying the discount rate from 3% to 7% did not change
these rankings (Figure 1).

Release

Both before-tax and after-tax LEVs for check and herbi-
cide released tracts are shown in Table 7. Overall, the results
indicate that site quality and LEV levels are related. The
lower the quality of the site, the lower the average LEV; the
higher the qudlity of the site, the higher the average LEV.

Fourrelease treatments failed to improve the LEV, assum-
ing a 4% discount rate: (1) the Pronone 1 OG treatment on the
Patton tract, (2) the Pronone 10G and the Arsenal AC treat-
ments on the Robinson tract, and (3) the Roundup treatment
on the Duggins tracts (Table 7). Hardwood competition was
comparatively lower on the Robinson Check relative to the
two other check plots. Therefore, improvements in the LEV
were more difficult for the treated stands. The largest im-
provement in LEV occurred on the Patton tract with. an
average improvement from treatment of $257/a¢ (before
taxes); the smallest improvement in LEV occurred in the
Robinson tract with& average before-tax loss of $9/ac.
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Release on the Duggins tract improved the LEV by $169/ac.
Thus, on average, the largest improvement in LEVs was
found on the lowest site index, where the untreated check
trees grew poorly.

The largest improvement in before-tax LEV came on the
Arsenal AC ($228/ac) treatments. The application did cause
some initial pine damage, but the intensive investment was
justified, on average, based on its economic performance.
Note that the Arsenal AC results were obtained using an
application rate of 32 ozfac instead of the currently labeled
maximum treatment rate of 16 oz/ac. It is not known what the
precise economic implications of the lower labeled rates are.
However, Quicke et a. (1996) reported that release treat-
ments in Arkansas using Arsend at 32 ozfac only increased
loblolly pine volume by 9% compared to the volume pro-
duced on the 16 oz/ac treatments, after 2 growing seasons.
Since herbicide costs are double at the 32 oz/ac rate, this poor
additional physical response, compared to the 16 oz/ac rate,
may not be enough to pay for the additional herbicide costs.
The implication is tha the net economic returns from the
current maximum labeled rate may be higher than the higher
dose treatment. That is important for the results reported here
implying that reported returns are conservative.

Velpar L had the next best performance, yielding an
improvement in before-tax LEV at $190/ac. The least im-
provements in before-tax LEVs came from the Roundup
($91/ac) and Pronone 10G ($47/ac), again assuming a 4%
discount rate. Relative ranking of these results did not vary
when taxes were added to the analysis and the discount rate
was varied (Figure 1). However, low discount rates tend to




(a)before-tax sitepreparationtreatments (b) after-tax site preparation treatments
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Figure 1. comparison of the chaage in (and sxpsctation values for (a) before-tax site preparation treatments, (b)
after-tax site preparation treatments, {¢} before-tax release treatments, and (d) after-tax release treatments, for
loblolly pine in central Georgia.

Table 7. Before-tax and after-tax land expectation values {(LEVs) for release tracts in central Georgia assuming a
4% real discount rate.

Before-tax After-tax
Tract Site index' (f) Herbicide LEV Change in LEV LEV Change in LEV
($/ac)
Patton 70 check 42 — -2 —_
Roundup® 2% 254 163 165
Velpar L 295 253 162 164
Pronone 10G 25 -17 -11 -9
Arsenal AC* 578 536 348 350
Average treated 299 257 166 168
Robinson 75 -check 677 ‘ —— 405 —
Roundup’ 746 69 452 47
Velpar L 734 57 445 40 <&
Pronone 10G 609 —68 365 —40
Arend  AC’ 583 -94 351 -54
Average treated 668 -9 403 -2
Duggins ) Check 785 — 475 —
Roundup® 734 -51 444 -31
Velpar L 1,045 260 643 168
Pronone 10G 1,010 225 621 146
Arsenal AC 1,025 240 634 159
Average treated 954 169 586 11

4 Base age 50, with values derived for loblolly pine from onsite soil series identification and the Natural Resources Conservation
Service  database. .

b The cost of Accord, the Roundup replacement, was used in the analysis. i

¢ When the study was installed, the application rate of Arsenal AC was not set. Experimentally, 32 oz/ac of Arsenal AC were applied
in the study but the current maximum labeled rate is 16 ozfac.
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magnify the differences among the herbicides; high discount
rates then to mask the differences among the herbicides.

Site Preparation Versus Release

The three site preparation and the three release treatments
were located on similar tracts, which facilitates a comparison
of site preparation and release treatments. The Ellington and
Patton, McElroy and Robinson, and Grimsey and Duggins
tracts are on site index 70, 75, and 85 (base age 50) lands,
respectively.

On these Sites, using the 4% discount rate, the average site
preparation treatment had an after-tax LEV of $474/ac; the
average release treatment had an after-tax LEV of $385/ac.
The results did vary by site qudity. On the lowest quality
lands examiried, the average after-tax LEV on the site pre-
pared tracf was $298/ac (Eiiington tract), whereas the lowest
quality release tract had an after-tax LEV of $1 66/ac (Patton
tract): On the highest quality lands examined, the Grimsiey
site prepared tract had a LEV of $733/ac, whereas the similar
quality, Duggins released tract had a LEV of $586/ac.

Site preparation had an economic advantage over release
investments in this study. Site preparation, while costlierthan
release, returned more in terms of increased before- and after-
tax LEV than release. When the most profitable treatments
for each site were compared, site preparation LEVs were on
average more than twice as profitable as release ($403 vs
$188/ac).

The potential for enhancing early pine growth is greatest
in years 1 and 2 (Bacon and Zedaker 1987)—the time when
woody plant control is a a maximum with site preparation
treatments. This window of opportunity is lost with release
treatments. Also, Site preparation trestments offer possible
residual control of herbacéous plants, or herbaceous weed
control can be applied as a supplement to site preparation.
Eariy pine mortality often occurs in year 1 through 3, which
can be reduced with site preparation treatments, thus safe-
guarding stand stocking levels.

Ground application options with tractor-mounted systems
are more viable with site preparation treatments, especialy
after a complete harvest as studied here, than during release
treatments. Further, noxious weed infestations are best con-

trolled at time of site preparation. The cost, choice of herbi-
cides, and application difficulty to control noxious weeds
increases after planting.

Conclusion

Both site preparation and release management strategies
are profitable and increased landowner wealth. The rankings
of the site preparation treatments were: (1) Vepar L, (2)
Pronone 10G, (3) Roundup, and finaly, (4) Garlon 4. The
release treatments found Arsenal AC and Veipar L as more
profitable than Roundup and Pronone 10G. These results are
stable given differing assumptions about taxes and discount
rates. On comparable treatment areas and using the same
herbicides, site preparation provided larger increases in LEV
than release treatments.
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